1. Background
=============

Peripheral nerve block is a simple procedure used in lower limb surgeries, especially under the guidance of ultrasound and nerve stimulators. It is associated with a low risk of neurological and systemic complications ([@A57804REF1], [@A57804REF2]). In this procedure, quick performance and fast sensory and motor block are highly demanded. It is considered a suitable substitution for general anesthesia, protecting patients (especially patients with cardiopulmonary disorders) against the unwanted complications of general anesthesia.

Peripheral nerve block in combination with slight sedation facilitates many surgical procedures and provides better positioning for the patient. In the postoperative period, uncontrolled pain delays the onset of mobility and disrupts physiotherapy. Systemic narcotics, even in controlled patients, do not induce a pain-free state and may result in a high incidence of nausea and vomiting. On the other hand, spinal and epidural anesthesia may result in systemic complications, such as hypotension, urinary retention, and movement disorders in the lower extremities.

Compared to central nerve block, peripheral nerve block is more selective, with the lowest interference in bladder function and limb movements. Peripheral nerve catheter placement can be used in postoperative pain control, as well. Sciatic nerve is responsible for lower-extremity innervation and consists of 2 nerve trunks: tibial nerve (TN) and common peroneal nerve (CPN). These nerves separate at 5-7 cm above the popliteal fossa; TN lies medial and CPN lateral to the fossa ([@A57804REF2]-[@A57804REF5]).

Several studies have investigated the mechanism and effectiveness of blocking the sciatic nerve, as a major nerve of the lower limbs, and found that blocking might take 30 - 60 minutes to start when conducted before sciatic nerve bifurcation ([@A57804REF3], [@A57804REF6]-[@A57804REF8]). We hypothesized that block onset might vary with different approaches along the nerve pathway. The aim of this study was to determine and compare the onset of blockade between proximal and distal approaches, ie, sciatic nerve block before bifurcation (SG) and separate tibial and peroneal nerve block (TPG).

2. Methods
==========

In this double-blind clinical trial, block randomization was applied as the sampling method. The sample size was calculated at 26 cases per group, using Cohen's table (power, 80%; alpha, 0.05). This clinical trial was registered in the Iranian Registry of Clinical Trials (IRCT2015110212642N20).

The inclusion criteria were as follows: 1) willingness to participate in the study (informed consent); 2) ability to answer the verbal questions; 3) age range of 20 - 65 years; 4) being a candidate for unilateral debridement below the knee; and 5) ASA classification of I or II. On the other hand, the exclusion criteria were: 1) history of type II diabetes; 2) peripheral arterial disease; 3) coagulopathy; 4) peripheral neuropathy; and 5) incomplete sensory block after 45 minutes.

In the current study, based on the inclusion/exclusion criteria and block randomization, 52 patients were selected. After obtaining written informed consents from the patients, they were randomly categorized into 2 groups: SG, injection into the nerve 5 cm proximal to nerve bifurcation; and TPG, separate injections into TN and CPN at the popliteal fossa. All the patients received intravenous injections of midazolam (1 mg) and fentanyl (50 mcg) before nerve blocking.

Patients in both groups were positioned laterally and were monitored continuously via electrocardiography, SpO~2~ measurement, and noninvasive blood pressure monitoring during nerve blockade and surgery. Sciatic nerve block was performed under the guidance of both ultrasound and nerve stimulator using a posterior approach in a lateral decubitus position.

A linear probe (3 - 8 MHz, s-nerve, Sonosite, USA) with an in-plane approach and a 7-cm sonovisible needle (22-guage; Pajunk, Germany) was used to inject 15 cc of marcaine 0.5%, 15 cc of lidocaine 1%, and epinephrine 1:400,000 (30 cc in total). The needle tip was adjusted if necessary to achieve circumferential spread. In the TPG group, the patient was placed in a lateral position, and 15 cc of the solution was injected around CPN and 15 cc around TN while reaching circumferential spread. Sensory and motor block was assessed by a person blind to the experiment at 10 minutes after the injections. Then, the assessments were carried out every 5 minutes for 45 minutes.

Sensory block was assessed in TN and CPN regions, using the pinprick test with the following scorings system: 0, no change detected; 1, reduced sensation; and 2, complete absence of pinprick sensation. In addition, motor block was scored as follows: 0, no change compared to the baseline; 1, reduced force and movement; 2, complete absence of force and movement. Time of block onset was defined as reaching a sensory score of 2 during 45 minutes in both TN and CPN zones.

Duration of imaging was measured from the time of touching the ultrasound probe until obtaining a proper image. Duration of needling was measured from the moment the needle touched the skin until the end of local anesthetic injection. Moreover, duration of block was defined as the total time of imaging and needling. Frequency of needling and complications, including paresthesia and vascular puncture, was documented for each participant.

The data were analyzed using SPSS version 13. Kolmogorov-Smirnov test was used to assess the normal distribution of variables. The parametric variables were presented as mean ± standard deviation (SD) and analyzed by student t test. Nonparametric variables were analyzed using Chi square or Mann-Whitney U test. P value less than 0.05 was considered statistically significant

3. Results
==========

In this study, 52 patients, who were candidates for selective surgery below the knee, were evaluated. Patients were randomly categorized into 2 groups: SG (n = 27) and TPG (n = 25). The baseline characteristics of the participants are presented in [Table 1](#A57804TBL1){ref-type="table"}. Distribution of demographic variables was normal, and the groups showed no significant difference regarding age, sex, weight, or height (P \> 0.05).

###### The Baseline Characteristics of the Participants in the Groups^[a](#A57804TBL1FN1){ref-type="table-fn"}^

  Variables        Groups         P Value^[b](#A57804TBL1FN2){ref-type="table-fn"}^   
  ---------------- -------------- --------------------------------------------------- ------
  **Age, y**       49.03 ± 13.8   47.08 ± 14.5                                        0.6
  **Sex**                                                                             0.73
  Male             16 (59.2)      15 (60)                                             
  Female           11 (40.7)      10 (40)                                             
  **Height, cm**   176.6 ± 5.8    173.5 ± 21.1                                        0.4
  **Weight, kg**   79.8 ± 7.5     89.8 ± 7.7                                          0.7

^a^Values are expressed as mean ± SD or No. (%).

^b^P values are calculated using student t test or Chi square test.

The mean duration of needling and imaging was not significantly different between the groups (P \> 0.05). In all patients (except 6 cases), the first attempt of needling was successful. In 3 patients from each group, a second attempt was required, which was successful and showed no significant difference between the groups (P \> 0.05). All subjects showed successful blockade and completed the study without general anesthesia induction. The success of sensory block was 100% and 22.2% in the TPG and SG groups at 35 minutes, respectively. At 45 minutes, successful sensory block was achieved in all patients ([Table 2](#A57804TBL2){ref-type="table"}).

###### Comparison of the Mean Time of Sensory and Motor Block in the Groups^[a](#A57804TBL2FN1){ref-type="table-fn"}^

  Variables                              Groups       P Value^[b](#A57804TBL2FN2){ref-type="table-fn"}^   
  -------------------------------------- ------------ --------------------------------------------------- ----------
  **Needling time, min**                 2.4 ± 0.5    2.8 ± 1.06                                          0.1
  **Imaging time, min**                  4.3 ± 1.4    3.9 ± 1.07                                          0.2
  **Blocking time, min**                 6.8 ± 1.8    6.7 ± 1.09                                          0.8
  **Complete sensory block time, min**   35.4 ± 4.1   24.9 ± 4.2                                          \< 0.001
  **Complete motor block time, min**     63.3 ± 4.4   48.4 ± 4.6                                          \< 0.001

^a^Values are expressed as mean ± SD.

^b^P values are calculated using student t test or Chi square test.

Distribution of the cumulative number of patients with respect to sensory and motor block success is illustrated in [Figures 1](#A57804FIG1){ref-type="fig"} and [2](#A57804FIG2){ref-type="fig"}. The fastest complete sensory block in the SG group was reported at 25 minutes (3.7%), while in this period, 18 (72%) patients in the TPG group showed complete block. All the patients in the TPG group reached complete sensory block at 35 minutes, while only 17 (62.9%) patients in the SG group showed complete block in this period ([Figure 1](#A57804FIG1){ref-type="fig"}).

![The Cumulative Number of Patients According to Complete Sensory Block Time in the TPG and SG Groups](aapm-07-04-57804-i001){#A57804FIG1}

![The Cumulative Number of Patients According to Complete Motor Block Time in the TPG and SG Groups](aapm-07-04-57804-i002){#A57804FIG2}

The first case of motor block in the SG group was reported at 50 minutes (3.7%), while in the TPG group, 19 (76%) patients had complete motor block at 50 minutes. After 55 minutes, all the patients in the TPG group (100%) showed complete motor block, while only 3 (11.1%) patients in the SG group had complete motor block ([Figure 2](#A57804FIG2){ref-type="fig"}). No cases of nerve injury, paresthesia, or other complications were reported in the patients.

4. Discussion
=============

Recently, ultrasound imaging has gained popularity in regional anesthesia due to enhanced visibility of peripheral nerves during nerve block, reduced duration of the procedure, faster complete sensory block, reduced volume of needed drugs for successful block, and decreased incidence of complications or side effects. Moreover, integration of nerve stimulators and less needle puncture has revealed favorable results ([@A57804REF6], [@A57804REF9]-[@A57804REF12]).

Based on the results of this clinical trial, both sciatic and separate tibial-peroneal nerve block approaches are simple and quick methods under the guidance of ultrasound and neurostimulators, while in TPG, complete block can be achieved in a shorter period. In this regard, in a study by Prasad et al. 50 candidates of elective surgery below the knee were randomly selected and underwent ultrasound-guided sciatic nerve block at 5 cm distal and 3 cm proximal to the sciatic nerve bifurcation. In the distal group, the onset of sensory and motor block was 30% shorter than the proximal group; therefore, it is preferable to use the distal method if faster block is needed ([@A57804REF3]). Similar results were observed in the current study, indicating the faster onset of sensory block in the TPG group (20%), compared to the SG group.

In another study by Buys et al. 76 patients (candidates for foot or ankle surgery) underwent ultrasound-guided sciatic nerve block proximal and distal to nerve bifurcation. The used solution was mepivacaine plus clonidine and bicarbonate (30 cc in total). Patients in the TPG group reached complete nerve block significantly faster than the SG group (19.2 minutes vs. 26.1 minutes). They concluded that TN and CPN blockade in the popliteal fossa is a faster approach ([@A57804REF4]).

In the current study, none of the patients showed complete sensory block in less than 20 minutes (shortest time, 20 minutes in the TPG group). The differences in the block onset time between the present study and the one performed by Buys et al. might be attributed to the use of different solutions and approaches in these studies (posterior sciatic nerve approach with nerve stimulation versus a lateral approach without stimulation).

In another study, patients underwent ultrasound-guided sciatic nerve block in the popliteal fossa via subepineural sciatic nerve injection and showed a higher success rate and efficacy than TPG ([@A57804REF5]); these findings are not in agreement with the present results. Furthermore, Yamamoto performed ultrasound-guided subgluteal sciatic nerve block with multiple and single injections and concluded that multiple injections resulted in a higher rate of sensory and motor block due to a better drug spread ([@A57804REF7]).

Use of both TN and CPN responses with a double versus single injection-stimulation approach has been assessed in previous research. A double injection-stimulation strategy was not found to be similar to separate TN and CPN injections, especially since the procedure was performed upper than the level of sciatic nerve bifurcation, and the results were obtained without ultrasound guidance ([@A57804REF8]).

Based on the mentioned results, it can be concluded that solution volume and concentration, use of different additives, techniques, and approaches, point of needle entry along the nerve pathway, distance between the needle tip and the nerve, and even current intensity at which peripheral nerve stimulation is achieved can affect the results, leading to discrepancies in the findings ([@A57804REF13]-[@A57804REF16]).

In the current study, although both volume and concentration of anesthetic solution were similar in the groups, different needle entry points produced significantly different results. We found that ultrasound guidance for separate TN and CPN blockade distal to sciatic nerve bifurcation in the popliteal fossa leads to a more rapid complete block than a prebifurcation approach. Overall, further studies should be performed on this subject with different drugs and techniques and a larger sample size. Moreover, evaluation of satisfaction and pain severity during and after the procedure can be useful in this process.

4.1. Conclusions
----------------

The results of the current study showed that separate TN and CPN blockade is a faster method in below-knee surgeries. Further studies should be performed to determine the best and fastest technique and solution with fewer complications.
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